Data regarding cellular immunity in Crohn's disease are not conclusive. Depression of delayed hypersensitivity was found by several authors (Blackburn et al., 1939; Phear, 1958;  Williams, 1965; Jones et al., 1969) . Others, however, reported normal skin reactivity (Binder, 1966; Fletcher and Hinton, 1967; Geffroy et al., 1971;  Ropke, 1972; Bolton et al., 1974) .
In vitro hyporesponsiveness in the lymphocyte transformation test has been documented (Parent et al., 1971; Guillou et al., 1973; Sachar et al., 1973; Richens et al., 1974) , but many reports of unimpaired in vitro lymphocyte reactivity have also been published (Aas et al., 1972; Ropke, 1972; Asquith et al., 1973; Bird and Britton, 1974; Bolton et al., 1974) .
To what extent the discrepancies that are mentioned are due to differences in technique is unsolved.
Received for publication 6 August 1975. Furthermore, it is still largely unknown whether hyporesponsiveness in vivo or in vitro, if present in CD, is in any way related to clinical activity of the disease, or caused by non-specific mechanisms, such as malabsorption, recent surgery, or immunosuppressive therapy (Asquith et al., 1973; Sachar et al., 1973) .
Because of these conflicting data, we studied the cellular immune system in patients with CD without immunosuppressive therapy and control subjects by testing both skin reactivity and in vitro lymphocyte transformation. In the in vitro tests, peripheral lymphocytes were not only stimulated with nonspecific plant mitogens, but also with an antigen cocktail, as described by Leguit et al., 1973 . By this approach, we hoped to answer the following questions: Is the cellular immune system impaired in Crohn's disease? Is there a correlation between a diminished or absent skin reactivity and the in vitro 854 response in the lymphocyte transformation test? Is the in vivo or in vitro reactivity in any way related to the clinical activity of the disease? Can hyporesponsiveness in Crohn's disease be due to nonspecific factors such as malabsorption or malnutrition ?
Methods

SUBJECTS
Fifty-four patients with CD (mean age 34.8 years, range 17-60 years, 26 females and 28 males) were studied (group 1). Regional ileitis or ileocolitis was diagnosed in 39 cases, based on characteristic clinical, radiological, endoscopical and/or histological criteria. In 15 patients a diagnosis of CD of the colon was made, according to criteria described elsewhere (to be published). Twenty-five patients had been operated upon for their CD and 17 of them showed evidence of recurrent disease at the time of the study. None of the patients received corticosteroids and/or azathioprine. Disease activity was arbitrarily scored as shown in Fig. 1 : 31 patients were active; the non-active CD group, scoring less than 4, consisted of six patients previously operated upon for their disase, but at present free from symptoms and without radiological evidence of recurrent disease. The other 25 patients in the nonactive group showed radiological or biochemical abnormalities, but had no or only mild complaints. The control group consisted of 20 healthy non-selected blood donors (group II) age 18-50 years, and 54 healthy subjects (group III) matched for age and sex. A further control group (group IV) consisted of 18 patients (mean age 49, range 28-70 years) with chronic pancreatitis with steatorrhoea or postgastrectomy diarrhoea, with no evidence of inflammatory bowel disease.
Techniques
In vitro LYMPHOCYTE STUDIES Lymphocyte cultures were performed as described by Du Bois et al. (1973) . Briefly the procedure was as follows: blood samples were defibrinated by shaking for 10 minutes with glass beads. Lymphocytes were separated from defibrinated blood by Ficoll-Isopaque gradient centrifugation. Lymphocyte suspensions were stored in liquid nitrogen (Eysvoogel and Van Loghem, 1969) . After washing and cell counting the cells were resuspended in minimal essential medium (MEM-S, Gibco, New York, USA), buffered with Tris (0.025 M), and supplemented with fresh heat-inactivated human AB serum (20% of the final volume), penicillin (100 IU per ml), and streptomycin (100 ,g per ml). 0-2 x 106 lymphocytes in 1 ml medium were cultured in polystyrene tubes with no stimulant added, or stimulated by a cocktail of antigens, containing varidase, trichophyton, candida, mumps, and PPD, the mixture containing each of the antigens so as to give an optimal final concentration (Leguit et group.bmj.com on November 7, 2017 -Published by http://gut.bmj.com/ Downloaded from 1973). For mitogen stimulation, poke-weed mitogen (PWM) was used at 25 .g/ml and phytohemagglutinin (PHA) at 50 ,g/ml; pilot studies showed no differences between CD patients and controls when higher or lower PHA concentrations were used. Cultures were performed in triplicate. To determine DNA synthesis, 2-14C thymidine (0.075 ,uCi, specific activity 6.25 mCi-mMol) was added 24 hours before harvesting. PHA stimulated cultures were harvested at day 3, all other cultures at day 6. Cells were collected and washed on glass fibre filters (Millipore, USA), which were then dried. Counting was performed for five minutes in a Packard liquid scintillation counter, using 2 ml scintillation liquid. The means of triplicate outlines were expressed as crude counts per minute. No corrections were made for unstimulated lymphocyte activity, because statistical analysis showed no differences between crude or corrected counts.
Lymphocytes of group I and II were cultured simultaneously, while group III was studied separately, under comparable culture conditions. Group IV was cultured simultaneously with 17 non-selected CD patients from group I.
SKIN TESTING
Forty-eight of the 54 CD patients (group I) and 48 age-and sex-matched healthy controls (group III) were skin tested with five different antigens (0.1 ml of a solution of varidase 50 USK/SD/ml, 0 1 ml tri- p<0.001 pcQOOl pcO5 n.s. chophyton01%/l ,0 1.ml candida 1:300, 0.1 ml mumps 20 CFU/ml, and 0.1 ml purified protein derivate 10 TU/ml). The antigen solutions were injected intradeimally on the volar surface of the forearm, after blood had been drawn for in vitro lymphocyte studies. Reactions were examined after 48 hours. An induration of 5 mm or more at two perpendicular diameters was considered positive.
STATISTICAL ANALYSIS
Results of in vitro tests on different days of cultures were analysed by a variant of Wilcoxon's sum of ranks test (two-sided), as described by Van Elteren (1960) . Skin reactivity was analysed by the Mantel-Haenszel method (1959) and a correlation between the number of positive skin tests and the results in the antigen cocktail was studied by a variant of Kendall's rank correlation test (Terpstra, 1955 A patients (group I), as compared with control groups II and Ill. In group 1, the mean response to the antigen cocktail was significantly depressed, compared with group II (p < 0.001) and III (p < 0.001).
There was also a difference of PWM responsiveness between group 1 and II (p < 0.05), although this is not immediately apparent from the Figure. No differences could be demonstrated in the reactivity to PHA. The in vitro responsiveness after stimulation with the antigen cocktail was not related to activity of the disease, sex, age, or localization of the disease, as shown in Fig. 3 . However, there was a trend for patients with very low albumin levels (six cases) to show hyporesponsiveness only to the antigen cocktail. The responses of 17 CD patients (group I) and 18 patients (group IV) are compared in Fig. 4 . In the CD group, the reactivity after stimulation by the antigen cocktail, although substantially lower than the control response, failed to reach significance (p < 0.10). Differences in reactivity to PWM or PHA were not observed.
SKIN REACTIVITY
The results of the skin tests are shown in Fig. 5 . Thirteen CD patients, 10 females and three males, of whom an equal number were active and nonactive, failed to develop a positive skin test, in contrast with three control subjects (group III); this difference was significant (p < 0.01). No difference was found between the mean overall number of positive skin reactions in the CD group (1.6) and in the controls (2.0). No differences in reactivity to the individual antigens was found, except for a significantly higher number of positive reactions to candida-antigen in the control group (p < 0 01). Figure 6 shows that a correlation exists between the number of positive skin tests and the lymphocyte reactivity after stimulation with the antigen cocktail, both in the CD group and controls. The total area of skin induration was also positively correlated with the in vitro reactivity in both CD patients (r = 0401, p < 0.01) and normal subjects (r = 0.306, p < 0.05).
Discussion
We have shown in this study that patients with Crohn's disease manifest a depressed cellular immune response, compared with healthy controls. This is revealed by a decrease in both skin reactivity and in the lymphocyte transformation test after stimulation with a combination of bacterial, fungal, and viral antigens; the results of both methods were positively correlated. We were unable to demonstrate differences in reactivity to PHA or PWM between patients with CD, healthy controls, or patients with malnutrition or malabsorption, not due to inflammatory bowel disease. Therefore, lymphocyte stimulation by an antigen cocktail may be useful in testing the anamnestic cellular responsiveness in CD. The value of this antigen cocktail in this regard was also shown by Leguit et al. (1973) in patients with thermal injury and by Schellekens et al. (1974) of CD patients in the study of Aas et al. (1972) and Asquith et al. (1973) , our CD patients showed also a diminished response in the unstimulated cultures. It is highly speculative, at present, to assume that the basal lymphocytic hyporesponsiveness might also explain the lowered response to the antigen cocktail, because under identical culture conditions no differences were found when stimulating with PWM or PHA.
It might be that hyporesponsiveness in CD is due to non-specific factors such as malnutrition or malabsorption, as postulated by Bird and Britton (1974) . However, malnutrition was not a frequent finding in our CD patients. Most of the non-active cases showed a normal haemoglobin, serum albumin, cholesterol, vitamin B12, and folic acid levels, but still showed a decreased response to the antigen cocktail. We can also rule out in this study other non-specific factors such as recent surgery or immunosuppressive therapy. Although the majority of our subjects received azulfidine, the metabolite of which, 5-aminosalicylate, might suppress lymphocyte blastogenesis, recent studies failed to demonstrate such effect in CD patients (Parent et al., 1971; Sachar et al., 1973) . Further arguments in favour of an intrinsic hyporesponsive cellular immunity in CD are the absence of correlation between lymphocyte blastogenesis and disease activity in patients with CD, and the substantially higher response of patients with non-inflammatory malnutrition or malabsorption, the latter being almost identical with the value obtained in healthy controls.
In conclusion, our results suggest an impaired cellular immune response in patients with CD. It should be emphasized, however, that this hyporesponsiveness is confined to the anamnestic response to antigens. Jones et al. (1969) reported that also primary immune responses might be depressed in CD. We have been able to confirm this latter finding by testing delayed skin reactivity to dinitrochlorobenzene in 35 CD patients (unpublished data). However, further studies are needed, to analyse whether this hyporesponsiveness is due to changes at the cellular level or merely reflects a redistribution of the various subclasses of peripheral lymphocytes, or perhaps a shift of responsive cells towards the diseased gut, specifically committed to a so-far unknown bacterial, viral, or fungal antigen. 
